Since its description, phylogenetic affinities of the New Zealand short-tailed bat (Mystacina tuberculata) have been difficult to determine. Although previous morphological studies have aligned Mystacina with several microchiropteran families, the general consensus has been that it is nearest to Molossidae. In contrast, immunological and DNA-hybridization data support inclusion of Mystacina within the New World Noctilionoidea, although those data failed to provide resolution for relationships within the superfamily. Our purpose was to test the hypothesis that Mystacina is most closely related to Noctilionoidea rather than Molossidae and, if so, to elucidate affinities among Mystacina and other noctilionoid families. We performed a phylogenetic analysis of DNA sequences from 3 adjacent genes (12S rRNA, tRNA Val , and 16S rRNA) in the mitochondrial genome from Mystacina and representatives of 8 microchiropteran families. Results from parsimony analysis agree with previous molecular studies that Mystacina is a member of Noctilionoidea. Additionally, this study provides resolution for relationships within the superfamily.
The New Zealand short-tailed bat (Mystacina tuberculata) is the sole extant member of Mystacinidae and 1 of 2 endemic mammals in New Zealand. Since its description by Gray (1843) , the phylogenetic position of Mystacina has been difficult to assign. Mayer et al. (1999) reviewed the nomenclatorial history of M. tuberculata and concluded that the proper name of the New Zealand short-tailed bat should be Mystacina velutina (Hutton 1872 ). Although we do not disagree with this suggested name change, we will continue to refer to the New Zealand short-tailed bat as M. tuberculata because of the recency of the suggested nomenclatorial change and because most readers will be familiar with the traditional usage of Mystacina tuberculata. To summarize Kirsch et al. (1998) , who recently reviewed the history of Mystacina's * Correspondent: ravdb@okstate.edu taxonomic assignment, examination and systematic study of various morphological features have placed Mystacinidae in or near families of 3 traditional superfamilies (Emballonuroidea-e.g., Gray 1843; Noctilionoidea-e.g., Tomes 1863; Vespertilionoidea-e.g., Miller 1907; Van Valen 1979) or within in its own superfamily (incertae sedis -Simmons 1998) . Mystacinidae has never been associated with the traditionally recognized Rhinolophoidea (ϭNycteridae, Megadermatidae, Rhinolophidae) or Vespertilionidae. Rather, it generally has been considered phylogenetically nearest to Molossidae (Smith 1976; Van Valen 1979) . Morphological features have proven unsatisfactory for resolving the affinity of Mystacinidae, probably because many morphological characters either are autapomorphous (e.g., unique manner of folding wings, basal talons on claws) or shared with other families of bats (e.g., hypertrophied papilae on tongue, like some pteropodids and phyllostomids; stout hind limbs, like some molossids -Daniel 1979; Daniel and Williams 1984; Pierson et al. 1986 ). Adding to the problem is the scant fossil record of New Zealand (Kirsch et al. 1998) .
It comes as no surprise that in recent years molecular data have been used to help resolve the phylogenetic position of Mystacina. Based on immunological analysis of serum proteins, Pierson et al. (1986) concluded that Mystacina is most closely related to Noctilionoidea. Their analyses supported a sister-taxon relationship between Mystacina and Noctilionidae, although apparently not unequivocally (Kirsch et al. 1998; Pierson et al. 1986 ). Kirsch et al. (1998) tested this hypothesis by analyzing DNA-hybridization comparisons among Mystacina and 14 of its possible relatives. Results from 4 thermal indices (⌬T m , ⌬-T mode , ⌬T 50 H, and ⌬NPH) strongly supported (bootstrap of 99%) Mystacina being associated with Noctilionoidea. Based on those findings, combined with those of Pierson et al. (1986) , Kirsch et al. (1998) recommended that Mystacinidae be formally included within Noctilionoidea. While their analyses refuted Mystacina being sister to Noctilionidae (as suggested by Pierson et al. 1986 ), the branching sequence among Mystacinidae, Noctilionidae, and Mormoopidae-Phyllostomidae was unresolved. Therefore, although both molecular studies supported Mystacinidae being associated with Noctilionoidea and not Molossidae, relationships within Noctilionoidea (including Mystacinidae) remain uncertain.
Our purpose was to test recent hypotheses regarding phylogenetic affinities of Mystacinidae (e.g., Kirsch et al. 1998; Pierson et al. 1986; Simmons 1998 ) and determine whether Mystacina is most closely related to Noctilionoidea rather than Molossidae and, if so, to elucidate affinities among Mystacina and the noctilionoid families. Toward this end, we phylogenetically analyzed nucleic-acid sequences from 3 adjacent genes (12S rRNA, tRNA Val , and 16S rRNA) in the mitochondrial genome, totaling about 2.7 kilobase (kb) pairs of contiguous sequence for Mystacina and representatives of 8 other chiropteran families.
MATERIALS AND METHODS
Genomic DNA was extracted from skeletal muscle or liver tissue (Longmire et al. 1997 ) of 26 microchiropterns. For each specimen, we amplified 3 adjacent mitochondrial genes (12S rRNA, tRNA Val , and 16S rRNA) by performing 2 polymerase chain reactions (PCRs): 1 for 12S rRNA, another for 16S rRNA. The intervening tRNA Val thus was amplified partly in each PCR and, in combination, amplified completely. Following are PCR conditions and thermal profiles for each gene: 12S rRNA-50 l containing 500 ng DNA, 50 pmols each primer, 10 mM dNTPs, 1.5 mM MgCl 2 , and 1 unit Taq DNA polymerase; 94ЊC for 40 s, 42ЊC for 2 min, and 72ЊC for 3 min for 35 cycles, followed by 72ЊC for 30 min; 16S rRNA-50 l containing 500 ng DNA, 30 pmols each primer, 7 mM dNTPs, 1.5 mM MgCl 2 , and 1 unit Taq DNA polymerase; 94ЊC for 40 s, 52ЊC for 1 min, and 72ЊC for 2 min for 35 cycles, followed by 72ЊC for 30 min. Doublestranded amplicons were purified using the Wizard PCR Prep DNA Purification System (Promega, Madison, Wisconsin) and sequenced in both directions using Big-Dye chain terminators and a 377 automated DNA sequencer (Applied Biosystems, Inc., Foster City, California). All amplicons were sequenced entirely in both directions using a combination of flanking and internal primers (Table 1) . AssemblyLIGN 1.0.9 (Oxford Molecular Group PLC, 1998) was used to piece together overlapping fragments of contiguous genes for each taxon, and CLUSTAL W (Thompson et al. 1994 ) was used to obtain a multiple sequence alignment, with the final alignment adjusted by eye. In all cases, insertion-deletions in the multiple alignment were consistent with secondary structural considerations (Anderson et al. 1982; De Rijk et al. 1994; Springer and Douzery 1996) . Additionally, sequences from 2 megachiropterans and 1 emballonurid were retrieved from GenBank and included in the analysis.
Phylogenetic analyses were performed using Val was accomplished using primers 12g and 12c, whereas the 16S rRNA and 3Ј end of the tRNA Val gene were amplified using primers 12h and 16t. Various combinations of the remaining primers were used to completely sequence both DNA strands. Letters in parentheses after primer name indicate forward (F) or reverse (R) direction.
Primer
Primer sequence Citation Kocher et al. (1989) Springer et al. (1995) Springer (pers. comm.) PAUP* 4.02b (Swofford 1999) . Nucleotides were coded as unordered, discrete characters (G, A, T, C) and gaps as missing data. We examined levels of phylogenetic signal via g 1 -statistics (relative to 100,000 randomly drawn trees) for the 3 genes, separately and combined. To evaluate whether the level of phylogenetic signal was influenced due to multiple representatives of most families, we examined the level of phylogenetic signal in the data set consisting of a single representative of each microchiropteran family; g 1 -values were compared to critical values of Hillis and Huelsenbeck (1992) . Incongruence among 3 data sets (12S rRNA and tRNA Val , 12S rRNA and 16S rRNA, and tRNA Val and 16S rRNA) was evaluated using the homogeneity partition test (also known as the incongruencelength-difference test, ILD-Farris et al. 1994; Mickevich and Farris 1981) with 10,000 random partitions.
Parsimony analyses were conducted using equal weights for all characters and substitutions, successive weighting (Carpenter 1994; Farris 1969) , transversion parsimony, and the ln 6-parameter weighting method of Cunningham (1997) . Moreover, each of those weighting scenarios was applied to the entire data set, with gaps being coded as missing data and also with a truncated data set in which all positions containing an insertion-deletion (gap) event removed. To evaluate which of the various weighting scenarios produced the most accuracy and phylogenetic signal, we employed an iterative testing procedure (Cunningham 1997) . Because 29 sequences were examined, exhaustive and branch-and-bound searches for the most-parsimonious tree(s) would have required a prohibitive amount of computing time (Swofford and Olsen 1990) . Therefore, we conducted heuristic searches with 25 random additions of input taxa and tree bisection-reconnection branch swapping (Swofford and Olsen 1990) . Stability or accuracy of inferred topology(ies) was assessed via bootstrap analysis (Felsenstein 1985) of 200 iterations with 25 random additions of input taxa and tree bisection-reconnection for each itera-tion and via Bremer support (decay) analysis following the method of Bremer (1988) and AutoDecay 3.0.3 (Eriksson 1997) . Characterstate changes were polarized by designating 2 megachiropterans (Pteropus hypomelanus and Nyctimene robinson) as outgroups.
Times of divergence for several clades were determined following the method of Springer (1997) . We restricted this analysis to 12S rRNA transversion substitutions due to their linearity as far back as 1.2-1.3 ϫ 10 7 years (Springer and Douzery 1996; Springer et al. 1997b) and to use the specific rate variation for Chiroptera detected by Springer (1997) . Following the recommendation of Springer (1997) , those regions of the 12S rRNA excluded from the regression analyses due to their hypervariable nature were excluded from our calculations. Corrected transversion distances (%TV-Tamura and Nei 1993) were calculated using PAUP* 4.02b (Swofford 1999) . Uncorrected divergence times were calculated based on the formula: divergence time (DT) ϭ %TV/0.069 (Springer et al. 1997a ). For lineage-rate variation of Chiroptera relative to divergences of Mus-Rattus and Xenarthra, %TV was multiplied by 1.28 and 0.71, respectively, and those products were divided by 0.1 and 0.063, respectively (Springer 1997 
RESULTS
The mitochondrial 12S rRNA, tRNA Val , and 16S rRNA genes were sequenced for 26 taxa representing 9 microchiropteran families, and those sequences were deposited in GenBank (accession numbers: AF263213-AF263238). Sequence alignment resulted in 2,735 aligned sites, of which 1,099 sites (40.18%) were phylogenetically informative; 399 (36.31%) in the 12S rRNA, 28 (2.54%) in the tRNA Val , and 672 (61.15%) in the 16S rRNA. No significant incongruence was detected for any pairwise comparison among genes (P ϭ 0.38, 0.27, and 0.72 for comparisons between 12S rRNA and tRNA Val , 12S rRNA and 16S rRNA, and tRNA Val and 16S rRNA, respectively) based on the homogeneity partition test. Therefore, the 2.7-kb segment was analyzed as a single unit in phylogenetic analyses.
A single most-parsimonious tree (Fig.  1a) resulted from analysis of equal weights applied to all substitutions. It is highly probable (g 1 ϭ Ϫ 0.768, P Ͻ 0.01-Hillis and Huelsenbeck 1992) that the correct topology is either the most-parsimonious tree or a tree only a few steps longer (Hillis 1991; Hillis and Huelsenbeck 1992; Huelsenbeck 1991) . Using the rescaling method of Carpenter (1994) and Farris (1969) , a single most-parsimonious tree (Fig. 1b) successive weightings of characters. Again, it is highly probable (g 1 ϭ Ϫ0.819, P Ͻ 0.01-Hillis and Huelsenbeck 1992) that the correct topology is either the most-parsimonious tree or a tree only a few steps longer (Hillis 1991; Hillis and Huelsenbeck 1992; Huelsenbeck 1991) . Only slight differences existed between the 2 analyses (i.e., increased bootstrap support for all except 1 clade and additional resolution within Molossidae). Removing all but a single representative of each family did not alter our conclusions concerning level of phylogenetic signal based on the g 1 -statistic.
With respect to the branching sequence of Mystacina and Noctilionoidea, all weighting scenarios produced similar trees with the most notable differences being re-duced bootstrap support and, thus, phylogenetic resolution for transversion parsimony analysis. The bootstrap tree resulting from transversion parsimony resulted in the following polytomous arrangement: (Noctilionidae, Mystacinidae, (Mormoopidae, Phyllostomidae), ((Thyropteridae, Vespertilionidae), Molossidae)). In contrast, ln 6-parameter weighting scenario resulted in the same topology (Fig. 1) , with the most significant difference being a slightly reduced bootstrap support within Noctilionoidea (including Mystacinidae) and concomitant increased bootstrap support within Vespertilionidae and Molossidae. Removing gaps from each analysis did not significantly alter resulting trees.
Uncorrected and corrected (MR ϭ Mus/ Rattus, XR ϭ xenarthran-Springer 1997) times of divergence were calculated for separation of Noctilionidae from Mystacinidae, Mormoopidae, and Phyllostomidae and separation of Mystacinidae from Mormoopidae and Phyllostomidae. Based on 12S rRNA transversions, Noctilionidae diverged from the common ancestor of the remaining Noctilionoidea 3.9 (XR adjusted), 4.4 (MR adjusted), and 5.0 (uncorrected) ϫ 10 7 years ago, whereas Mystacinidae diverged from the common ancestor of the Mormoopidae and Phyllostomidae 3.2 (XR adjusted), 3.6 (MR adjusted), and 4.1 (uncorrected) ϫ 10 7 years ago.
DISCUSSION
The general consensus from morphological studies has been that Mystacinidae is associated most closely with Molossidae within the superfamily Vespertilionoidea, whereas molecular data have revealed a close phylogenetic affinity between Mystacinidae and the New World Noctilionoidea (Kirsch et al. 1998; Pierson et al. 1986 ). This study also documents Mystacina as a member of Noctilionoidea. Although Pierson et al. (1986) and Kirsch et al. (1998) found a mystacinid-noctilionoid relationship, their studies were inconclusive regarding Mystacina's position within the superfamily. Based on MCЈF transferrin comparisons, Pierson et al. (1986) found that Mystacina reacted best with Noctilio and Mormoops and suggested an unresolved trichotomy among these taxa. Kirsch et al. (1998) , however, detected some resolution and concluded that Mystacina was the most basal lineage of Noctilionoidea. Even so, regardless of the method used to calculate genetic distance, the branch separating Noctilionidae from Mystacina was either extremely short or nonexistent (Kirsch et al. 1998:figures 3-5) . Thus, relationships among Mystacina and the noctilionoid families remained unresolved.
In our study these relationships were resolved, with Noctilonidae being the most basal of the noctilionoid families (Fig. 1) . Unweighted (Fig. 1a ) and successive weighted (Fig. 1b) parsimony analyses produced identical topologies regarding phylogenetic relationships within Noctilionoidea and most other taxa included in this study. The only differences were that applying less weight to more homoplastic characters (successive weighting method) increased resolution to relationships for all but one clade, especially within Vespertilionidae and Molossidae. Although bootstrap support decreased slightly for the clade uniting Noctilionoidea with the clade of Thyropteridae, Vespertilionidae, and Molossidae, it still is strongly supported in both analyses. The high degree of congruence between topologies (Figs. 1a and 1b and ln weighting) suggests that these relationships are strongly supported.
Because support from decay analysis for the noctilionoid-Mystacina clade (2) and for Mystacina being internal to Noctilionidae (8) is low compared with other values in the tree (Fig. 1a) , we further analyzed these relationships. With the KEEP option of PAUP* 4.02b (Swofford 1999) , we saved the 400 shortest trees during a heuristic search with equal weighting applied. We viewed all trees at each step greater than the most-parsimonious tree and documented percentage of trees supporting monophyly of the clades in question (Table  2 ). In only 1 of the 400 best trees was Noctilionoidea (including Mystacina) paraphyletic. In this tree, both species of Noctilio formed a clade sister to the vespertilionid clade, while the positions of Mystacina and Phyllostomidae-Mormoopidae remained the same. We regard this alternative as a spurious relationship. Additionally, a low percentage of trees (e.g., 1 of 5 trees at 5 steps greater than the most-parsimonious tree and 2 of 15 trees at 12 steps greater than the most-parsimonious tree) placed Mystacina basal to all other noctilionoids rather than the 2 species of Noctilio. Overall, Ͼ70% of alternative topologies at each step were identical to that of Fig. 1 . Therefore, if a 50% majority-rule consensus (or even 70%) was applied during the decay analysis rather than a strict consensus, as does the Bremer (1988) and AutoDecay 3.0.3 (Eriksson 1997) analyses, decay values for both clades in question would be Ͼ25 steps (as opposed to a decay value of 2 and 8).
Using the Kishino and Hasegawa (1989) , Templeton (1983) , and winning-sites (Prager and Wilson 1988) tests, as implemented in PAUP* 4.02b (Swofford 1999) , we evaluated whether the branching order for Mystacinidae and Noctilionidae of our tree significantly differed from that of Kirsch et al. (1998) . Whereas our tree (Fig. 1a) was 5,681 steps, fitting our data to the topology for Mystacinidae and Noctilionoidea proposed by Kirsch et al. (1998) resulted in a tree of 5,893 steps. The Kishino and Hasegawa (1989) , Templeton (1983) , and winning-sites (Prager and Wilson 1988) were highly significant (P Ͻ 0.001 for all 3 tests), indicating that the probability of getting a more extreme test statistic under the null hypothesis that these 2 trees estimate the same phylogenetic relationships is highly significant. Therefore, results from these tests indicate that phylogenetic relationships depicted in Fig. 1 more accurately represent mtDNA ribosomal gene evolution than the branching order proposed by Kirsch et al. (1998) . However, our tree should be viewed as a working hypothesis because DNA-hybridization (Kirsch et al. 1998 ) and immunological distances (Pierson et al. 1986 ) suggest alternative phylogenetic hypotheses for relationships within Noctilionoidea. Future studies should examine variation in DNA sequence of nuclear genes to determine whether the phylogeny resulting from mitochondrial genes could be due to stochastic error, lineage sorting, or some other factor resulting in Noctilio representing the most basal lineage in Noctilionoidea.
